In both military and civilian settings, transmission of respiratory pathogens may be due to personto-person and environmental contributions. This possibility was explored in a military training setting, where rates of febrile respiratory illness (FRI) often reach epidemic levels.
Among the means of controlling transmission of disease, protecting groups of people by limiting their interactions may be highly effective. For example, such "social distancing" has been shown to have a role in reducing the spread of pandemic influenza [1, 2] . In the present study, we investigate the usefulness of social dis-tancing in an environment in which high rates of febrile respiratory illness (FRI) are endemic.
The dynamics and persistence of respiratory pathogens, specifically those associated with FRI in the military recruit training setting, have never been well understood [3] . A characteristic of this setting is the constant influx of potentially infectious and susceptible individuals, a situation that also exists in certain civilian settings, such as educational institutions [4] , hospitals, elder care facilities [5, 6] , and places where groups of children gather [7] [8] [9] . Previous work has identified other potential contributors to pathogen transmission, including crowding [10 -17] , the type of pathogen [13, 18 -22] , population age and health [5, 6] , sanitation [14, 16] , and the size, materials, and ventilation of buildings [16, [23] [24] [25] .
Russell et al. [3] found a temporal association between FRI rates and the frequency of potentially infectious military recruits circulating between training units and inferred that this may be a primary source and route of adenovirus transmission and persistence. In a study conducted by Greenwood et al. [26] in the 1930s, epi-demics of disease could be manipulated in mice populations by regulating the influx of susceptible persons. Arlander et al. [27] suggested that the mechanism demonstrated in the mice populations evaluated by Greenwood et al. [26] could play a crucial role in FRI epidemics at military recruit training centers and wherever new individuals are continually being introduced into a relatively dense population.
In the present study, we achieved a large measure of experimentally manipulated social distance within a military recruit population. Because the primary means of transmission was presumed to be person-to-person transmission, we expected that groups that were socially distanced from potentially infectious individuals who were new to the group would incur rates of illness lower than those noted for groups that were not socially distanced. An interaction between social distancing and population size was also anticipated. In addition, we were able to examine an alternative hypothesis arising from research on the effects of contamination with environmental pathogens on illness rates [3, 28 -31] .
Several viral pathogens responsible for respiratory illness have been shown likely to be transmitted via building surfaces in civilian settings [29] . Adenovirus type 4 (Ad4) is known to survive on surfaces in the buildings where the military recruit population lives [3] , providing a potentially robust source of infection. The present study weighs the relative significance of these different modes and sources of pathogen transmission, as well as their association with FRI.
METHODS

Setting.
Military recruit training entails 2 days of medical and administrative in-processing, followed by assignment of incoming recruits to distinct housing units. These units train together, and they have very little interaction with other units or groups of people, unless they visit the medical clinic. In essence, each unit is "cohorted" into one specific open-bay housing unit.
Recruits who are unable to train because they are sick or lack physical conditioning are removed from training and are placed in either the medical convalescent unit (MCU) or the physical conditioning unit (PCU). At the time of release (when a patient exhibits no symptoms and has adequate physical conditioning), recruits from both of these units typically join a group of new recruits who are already in training and have reached the same point in training that the returning recruits had reached at the time of their removal.
In the present study, some housing units were closed to the introduction of any new recruits after being formed (hereafter referred to as "closed units"). Recruits from closed units who were sick did report to the medical clinic, and if their symptoms did not require placement in the MCU, the recruits returned to their unit after seeing their provider. Other units (hereafter referred to as "open units") remained open to the introduction of convalescent recruits or recruits temporarily receiving additional conditioning training, as per normal routine. For each decrease in the number of recruits in these open units, a replacement recruit was usually provided from the MCU or PCU. The study was conducted during the first 4 weeks of recruit training, which historically is the period associated with the highest incidence of FRI. The institutional review board of the Naval Health Research Center classified this protocol as a nonresearch public health endeavor.
Data acquisition. Data on 13,114 male military recruits (mean age, 19 years) at the Marine Corps Recruit Depot in San Diego, California (there are no female recruits at this facility), were collected between February 2004 and March 2005. These recruits were distributed among a total of 196 housing units. Oropharyngeal swab specimens were obtained from all recruits discharged from the MCU or the PCU, and they were processed to detect the presence or absence of adenovirus, as described elsewhere [5] . The density and size of each unit, as well as unitspecific cases of FRI, were recorded. "FRI" was defined either by a body temperature of Ͼ38°C and 1 respiratory symptom or by the presence of nonfebrile pneumonia. The FRI rates provided in the present article denote the number of cases of FRI per 100 persons per week, averaged over the 4 weeks during which each housing group was measured.
Squares of 30 ϫ 30 cm on selected surfaces in housing units and in the medical clinic were swabbed with one Dacron swab, which was stored in a tube of viral transport medium (MicroTest M4 Transport; Remel). In the case of irregular objects, contours likely to be touched by people were judiciously swabbed with one swab. The samples were tested by polymerase chain reaction (PCR) performed using the same method [32] used for the samples obtained from humans, and these samples were also cultured as described elsewhere [3] . Three such sample collection efforts were conducted. In the first sample collection, 96 surface sites in swabbed, and the specimens were cultured in a unit that had been vacant for 3 days after 4 weeks of occupation, during which time the FRI attack rate in the unit was 33%. In the second collection, 80 samples were collected from 11 different surface sites from 2 randomly chosen units that had been vacant for 1 week. In the third collection, 57 samples obtained from 10 different surface sites in the medical clinic were collected.
Statistical analysis. Mean FRI rates were calculated from the count of FRI cases for each unit type (closed or open) and from unit population size. A 2 test was performed to compare FRI rates of different unit population sizes for open units, and logistic regression analysis was performed to evaluate the interaction between type of unit, population size, and overall occurrence of FRI.
RESULTS
When averaged over the 4 weeks that each open unit was tracked, FRI rates were 3.46 cases/100 person-weeks and were greater than the levels considered to denote an epidemic (i.e., 1.5 cases/100 person-weeks) in 88% of the units. It has been estimated that 81% of the FRI cases were due to Ad4 (Naval Health Research Center Tri-Service FRI Surveillance, unpublished data).
Case numbers and rates. The closed units, which had an average of 3.92 cases/100 person-weeks over 4 weeks (i.e., 329 cases among 2099 subjects), had slightly higher FRI rates than the open units, which had an average of 3.48 cases/100 personweeks over 4 weeks (i.e., 1586 cases among 11,389 subjects). However, a logistic regression of the odds of an FRI diagnosis, calculated for the type of unit and the population size, showed that the difference was not statistically significant (adjusted odds ratio [OR], 1.13 [95% confidence interval {CI}, 0.99 -1.28]; 2 ϭ 3.17; P ϭ .075) (figure 1).
Oropharyngeal samples obtained from 762 people discharged from the MCU and from 395 people discharged from the PCU were processed by PCR for the detection of Ad4. Ten percent of the samples from the group discharged from the MCU had evidence of Ad4, as did 6% of samples from the group discharged from the PCU.
Population sizes and FRI case rates and numbers. The effect of population size was addressed first by removing the experimental (i.e., closed) units from the analysis, to gain a picture of the association between FRI and population in the absence of an experimental manipulation. In the 166 open units alone, where the population size ranged from 44 to 88 people/ unit, there were 1602 FRI cases (among 11,389 people). The average FRI rate in open units ranged from 0.44 to 8.97 cases/100 person-weeks over 4 weeks. Recruits in units with a population size greater than the median value had significantly higher odds of FRI than did units with a population size less than the median value (OR, 1.38 [95% CI, 1.23-1.55]; 2 ϭ 30.13; P Ͻ .001). The Pearson r correlation between unit population size and FRI was 0.55 (P Ͻ .01).
Second, when both types of units (open and closed) were included, logistic regression performed for a unit population size greater than the median versus a unit population size less than the median showed that the former had higher odds of an FRI diagnosis than the latter, even with adjustment for the type of unit (adjusted OR, 1.40 [95% CI, 1.23-1.54]; 2 ϭ 35.34; P Ͻ .001) (figure 1). With the use of quartiles as a guide, 4 groups were constructed using both closed and open units, according to the population-size ranges of the units: group 1 consisted of units with 44 -51 people; group 2, units with 52-75 people; group 3, units with 76 -81 people; and group 4, units with 82-88 people. A comparison of these groups is shown in figure 2 . The logistic regression analysis of the effect of quartilebased groupings of population sizes on odds of an FRI diagnosis, adjusted for type of unit, showed that groups 1 and 2 were each different from groups 3 and 4, but groups 1 and 2 were not statistically different from each other, nor were groups 3 and 4 different from each other (table 1). The mean FRI rate for each group is shown in figure 2 .
Surface samples obtained from the environment. In the unit that was vacant for 3 days, 96 sites were swabbed and the resulting specimens cultured; of these sites, 9% were found to harbor viable virus. In 1 of the 2 units that was vacant for 1 week, Contrast of populations with a size above the median (High pop) and those with a size below the median (Low pop). The rates of febrile respiratory illness (FRI) for these populations were significantly different. Although the units closed to an influx of potentially infectious convalescing persons (hereafter referred to as "closed units") generally had higher FRI rates than the units open to such an influx (hereafter referred to as "open units"), the difference was not significant. Logistic regression of the odds of an FRI diagnosis, in terms of the population size and unit type, showed that the difference in population size remained even after adjusting for unit type.
5% of the samples were culture positive and 25% were PCR positive. In the other unit that was vacant for 1 week, 8% of the samples were culture positive and 38% were PCR positive. Thirty percent of the samples obtained from the 57 sites in the medical clinic were culture positive, and 51% were PCR positive (figure 3). Specific sites in the housing units with relatively higher concentrations of Ad4 were the pillows, bedposts, mattresses, and lockers, and, in the clinic, these sites were the restroom door, sink, waiting room floor and walls, and examination chairs.
DISCUSSION
The original hypothesis was rejected. There was not a statistically significant difference between the FRI rates in the open and closed units as a whole, although the tendency was for the closed units to exhibit higher rates. The rejection of the hypothesis suggests that the primary route of transmission of FRI is not via the MCU/PCU recycling protocol (i.e., not via person-to-person contact between unit members and members newly introduced to the unit [i.e., potentially infectious convalescents]). The social distancing instituted in this setting was not successful in decreasing FRI rates. These results should be placed in the context of our finding of the existence of substantial environmental pathogen contamination in the housing units. The lessons may be similar for any setting in which environmental transmission of pathogens is likely.
Ten percent of MCU discharges and 6% of PCU discharges had Ad4 in the oropharynx. Either such percentages are insufficient to influence overall rates in a unit, where two-thirds of the population is assumed to be susceptible [3] , or these individuals are not sufficiently "infectious" in their convalescent state. However, as described by Russell et al. [3] , by the end of 6 weeks, virtually 100% of the people in the units under surveillance had anti-Ad4 titers. It is also known that 60%-80% of the FRI cases that occur at this institution are due to Ad4. Other pathogens, such as influenza viruses A and B, coronavirus, rhinovirus, and enterovirus, have each been shown to be responsible for very low percentages of the total FRI rate (Naval Health Research Center Tri-Service FRI Surveillance, unpublished data), and it is very unlikely that they play significant role.
In general, respiratory illness is believed to be primarily caused by direct person-to-person aerosolized transmission. More recent studies in civilian settings [28, 30, 31] have questioned this assumption, and the Centers for Disease Control and Prevention recommends disinfection of environmental surfaces possibly exposed to respiratory pathogens in health care settings [33] . The spread of a pathogen via an indirect surface route makes sense if it is shown that the pathogen can persist on the surface for a sufficient duration, as Boone and Gerba [29] have shown, with hand contact an essential mode of transmission [34] . Of the viral pathogens responsible for respiratory illness, coronavirus [35, 36] , influenza [37] , rhinovirus [30] , and adenovirus [16, 23] are likely to be transmissible via environmental surfaces in different conditions of room air [29, 38 -40] . Despite the fact that our study was not designed for prospective control and measurement of environmental pathogens, the findings of these other studies place ours in a context.
Ad4 is endemic in military training facilities, and its source is not incoming recruits. There are 2 observations supporting this position. First, after the military adenovirus vaccine program ended in 1999, Ad4 was found in an increasing majority of FRI cases [41] [42] [43] , and, recently, it was found to represent nearly all FRI cases [41, 44] . Genome typing of Ad4 isolates recovered from 8 different training sites revealed that 4 of the 7 known genomic variants of Ad4 individually dominate adenovirus populations for years at a time at particular training sites, virtually always to the exclusion of any other genome type [21] . The oc- currence of these genome types is not correlated between sites, obviating a shared external source (e.g., incoming recruits). Second, in Army training centers, all recruits depart for a 2-week period at the end of December. On the recruits' return, FRI cases are seen, but adenovirus is not considered to be an etiology for the first couple of weeks. Studies have shown that local staff do not harbor the virus; however, inevitably, year after year, FRI rates due to the same endemic adenovirus strain resume expected levels [41] . Generally, the rate slowly begins to increase after 1 month, and it does not return to expected levels until ϳ2 months after the beginning of January. Russell et al. [3] similarly found, at another training center, that none of the 271 recruits studied who were tested within 1 day of arriving at the center had oropharyngeal evidence of viable Ad4, and only 1 had evidence of Ad4 DNA. Thus, they are not coming to the center with the prevailing Ad4 virus and especially not with the Ad4 genome type specific to the training center. It is likely that the pathogen reservoir is the environment.
A growing number of studies in both military and civilian settings have demonstrated the relevance of environmental transmission of pathogens that cause respiratory illness [29, 45] . In the setting of military recruit housing, studies performed by Artenstein and Miller's group and other investigators [39, 45, 46] and, more recently, by Echavarria et al. [47] demonstrated a strong association between the presence of Ad4 contamination of the air and adenovirus-associated FRI rates. Russell et al. [3] had uncovered very similar findings for air samples, as well as for surface samples. Such results strongly implicate the air as the source of transmission in the setting studied. In the present study, 4 separate collections of samples from random surfaces at buildings clearly show the existence of Ad4 on many of the structures' various surfaces (up to 50% of the surface sites examined).
Furthermore, although the recruits arrived at the camp without oropharyngeal evidence of Ad4, 21% of the subjects in the study by Russell et al. [3] had Ad4 DNA detected in swab specimens collected from their hands by the second day of training. Apparently, recruits are exposed to FRI-inducing pathogens almost immediately on arrival at the training center. It is possible that these structures are contaminated by infectious individuals and are not themselves infectious. However, because these are the structures where the subjects live and receive medical care, and because it is known that adenovirus is transmissible via surface-to-hand contact [29] , these findings suggest that environmental sources of infection are critical to the propagation and maintenance of high FRI prevalence rates in this setting. This early exposure could have played a role in the negligible subsequent effects of cohorting.
Nevertheless, it is curious that Ad4 can persist so robustly on surfaces for days to weeks yet can take 1-2 months to return to normal prevalence levels at Army centers after the winter break. Survival on surfaces may explain the persistence of Ad4 and its type-specific niche at a training center, but, because it is also clear that Ad4 can be transmitted by person-to-person contact, we must account for personal interactions. It is quite likely that recruits who are not already infected by Ad4 pick it up within their own units or while visiting the medical clinic (from its surfaces or other infectious recruits) and then bring it back to the unit. Person-to-person transmission is then facilitated by crowding, as the statistically significant association between population size and FRI rates indicate ( figure 1) . A similar effect of crowing should be expected for any civilian setting involving close quarters.
The association between population size and illness rates is actually rather complex. For example, Breese et al. [13] presented evidence that respiratory illness in the Navy in World War II was related to the number of people per room and not to population density. On the other hand, at a naval recruit training center, Miller [19] found that newer, larger barracks with more space per recruit were associated with lower FRI rates, even though the number of recruits per room was equivalent in the old and new barracks. He suggested that some of these apparent contradictions may be due to the nature of the pathogen responsible and the time at which an outbreak occurs during training. For example, data produced by Breese et al. [13] show that, in the first 2 weeks of training, correlations between illness and density were relatively higher than those between illness and population size; however, the reverse was the case for the second 4 weeks. Thus, although it is natural to assume that there is some association between the number of people in a space and the rates of illness, it is advisable to keep in mind that population size and density may interact in different ways with the type of pathogen and the amount of time that a unit of people have been together (for comparison, see the article by Bernstein [11] ).
In the present study, for example, when units are grouped into quartiles of population sizes, FRI rates increase with each quartile from the first (lowest population) to the third, and they then level off, with no difference noted between the third and fourth quartiles. Larger populations increase the likelihood of personto-person spread, but they also increase the likelihood of maintaining and increasing the environmental reservoir, which may be very robust. Teasing out the relative influence of these factors would require a prospective study that we did not perform here, with even greater control than that found by Russell et al. [3] In summary, we found no statistically significant effect of a social distancing procedure in which some units were closed to an influx of potentially infectious individuals. The hypothesis of the present study assumed that the primary mode of transmission was from person to person. However, on the basis of our negative results and the evidence of fomite habitation of the virus presented in the current article and in other studies [3, 21, 41] , environmental contamination of pathogens is implicated as playing a larger role in the spread of respiratory disease in this setting than was previously assumed. An environmental reservoir likely initiates transmission cycles.
Although our data do not establish a cause-and-effect association, both person-to-person and environmental transmission routes are expected to become more significant as population sizes increase. Although the setting here was a military institution and the pathogen was one virus in particular, the findings of this study could have implications for the numerous civilian settings and other pathogens described in the introduction. This observation should be particularly relevant for group-type living conditions. It should also be particularly relevant for pathogens that can be spread by fomites. It has been recommended that, when this is the case, a program of frequent hand washing should be instituted [48] .
Influenza, for example, is a pathogen identified as being transmissible via environmental surfaces [12, 40, 49, 50] . Given this knowledge, even though social distancing would be primary in plans for emergency control of transmission in a population during a respiratory disease pandemic, it may be advisable to (1) consider the effect of potential surface contamination and (2) be cognizant of the dynamics of suspected person-to-person transmission routes. These, at least, are the lessons in the context of our study. Unsuspected environmental routes may contribute significantly to transmission, and highly suspected routes of person-to-person transmission may not be so.
In general, assumptions regarding person-to-person transmission of respiratory pathogens may require further examination. Distancing of groups of people according to their work, school, or housing situations requires assessment of transmission dynamics with respect to the infectiousness and survival of the pathogen, the disease's infectivity and pathogenicity, the circulation of susceptible people, crowding, and pathogen contamination of the environment.
